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(54)Titlc: A DISTOIBUnON SYSTEM 




(57) Abstract 



A distribution system including a diannel distribution system for receiving cont^ signals from a telecommunications transmission 
netwoik and an access system for accessing the content signal received by the channel distribution system, and multicasting the content 
signals to customer units on t^ecommunicatiGDS liies. The access system inchides modulating units, such as ADSL units, for modulating 
the content signals for a ttansmissi<H) on die telecommunications lines, and a channel access unit fcH- accessing and multicasting die content 
signals to die modulating units. The modulating units establish with die customer units a bidirectional data channel and a downstream 
ccHitent diannel. The contmt signals transmitted on the downstream channel may be Pay TV. pay per view, free-to-air TV signals, video 
on demand signals, and even TCP/IP network (Internet) signals. The system can distribute a number of video and/or interactive services 
by establishing connections to customers over the telecommunications lines and. if necessaiy. ccmnections to semce providers over a 
telecommunications transmission netwoit. Switching of seivice channels can be pcrfonned by die access system in respcmse to control 
signals from die customer units. 
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5 A DISTRIBU1ION SYSTEM 

The present invention relates to a distribution system and, in particular, to a system which 
enables video and/or interactive services to be distributed over a public switdied telephone 
network (PSTN). 

10 

DijBfer^ techniques and technologies have been proposed for providing a variety of 
video services to the home; m addition to the existing fiee4o-air broad The services 

include: 

1. Video on demand (VOD) vAiere movies and video programs are 
IS transmitted to a customer on request The video dgnals may be tranonttted 

immediately or at a time sdected by the customer. Depending on the video 
agnals transmitted, a communication channd between the video »gnal provider 
and tfie custcHnermay also beused to allow the customer to send control signals 
to the provider to control transmissicmfimctions, such as pause, fiist forward and 
20 rewind, or in the case of interactive video game, agnals \^cfa dictate pl^ of a 

game. This communication diannd may also be used to provide interactive 
capability to other types of s^vices^ e.g. educational, home shopfnng, etc. 

2. per view (PPV) where video programs are sdieduled for transmission 
and a customer is only charged for the programs sdected to view. 

25 3. Pay TV where a customs is able to access broadcast scheduled video 

programs and pays a subsoiption charge per Pay TV diannd. 

Services such as VOD can also be con^dered to constitute interactive services as a 
customer is aOowed to generate control agnals\^di dictates how the service is dd When 
30 customs communication is supported a range of mteractive s^ces can be ddivered, sudi as 
video games and shopping services. 
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Tdecommunications networks can be used to distribute video services. A transmission 
technology known as asymmetric dig^ subsoiber line (ADSL) tedmology has been developed 
to aUow the transmisiaon of high bit rate video signals on the esdsting copper wires of a PSTN. 
An ADSL line is asymmetric because it allows the transmis^on of up to 8 to 25 Mb/s or more 
5 to customers firom a local exdiaxige but only aDows low speed (e.g. 16 kbs» 641^^ 

control agnals to be sent to and from the customer and the local exchange. A line canying 
ADSL ^gnals also allows amultaneous transmission of plain old tdq>hone system (POTS) 
servkes between a customer's tdi^hone and the exdiai^e. Two modulation tedmiques available 
fyv signal transmisaon on an access line are known as discrete multi-tone (DMT) and carrieriess 
10 anq>]itude phase (CAP) modulatioa ADSL technology is desaibed in a number of publications, 
such as: 

1. ANSI Standard TlEl. 4/94-007 N^oric and Customer Installation 
Interfices. Asymm^c Digjital Subscriber Line (ADSL) M^allic Inter&ce. 

2. J J. Werner, TutCHial on Carrieriess AM/PM - Part I - Fundamentals and 
IS Distal CAP Transmitter UDF Document, 29 Sq>tembar, 1991. Also:, 

Contribution to ANSI X3T9.5 TP/PMD Working Group, Minneapolis, 23 June, 
1992. 

3. M. Sorbara, JJ. Wemss: and N.A Zervos, "Carrieriess AM/PM", 
Contribution TlEl .4/90-1 54, 24 September, 1990. 

20 4. W.Y. Chen, GIL Jm and S.S, Werper, "Deagn of Mgjtal Carrieriess 

AMZPMTranscdvers", Contributicm TlEl .4/92-149, 19 August, 1992. 

Whilst ADSL tedmology has been suggested as a suitable platform for providii^ video 
on donand s^ces, an effident system architecture i^ required to dstribute \ddeo and/or 
25 interactive smrices. 

In accordance with the present invention Ihete is provided a distribution system, 
induding: 

a channel distribution system for recdving content ^gnals from a tdecommunications 
30 transnusdon network; and 

an access system for accessing the content signals received by said channd distribution 
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system and multicasting said content sigiials to customer units on tdeconrniimications lines. 

The present invention also provides a distribution system, including: 
content signal provider equipment having first tdecomnumications means for providing 
5 content signals to at least one local exdiange of a tdecomnumications network; and 

a distribution switch of said at least one local exchange, said distribution switch having 
means for recdving said content signals, a plurality of exdiange units for tran^tting content 
agnals to a plurality of respective customs units, and being adapted to multicast the received 
contfflt signals to said plurality of exchange units for transmission to said customer imits. 

10 

The present invention further pro^ddes a distribution switch for a tdecomnumications 
exchange, induding: 

means for receiving contoit ^gnals; 

means fi^r nuiMca^g said cont^ signals; and 
IS a phnafity of exdiange units fbr trananutting the nnihicast contrat signals to a plurality 

of re^>ective customer units. 

The present invention also provides a distribution switch, induding: 
aphirality of exdiange umts for communicating iMth respective customer units and for 
20 sending content signals to said customer units; 

means for estabSdnng a tdeoommunications diannd with a content agnal provider; and 
means for multicasting content ^gnals provided by said content signal provide on said 
tdecommunications cbannd to said exchange units. 

25 The present invention also pro^des an asynunetric distribution switdi for a 

tdeconrniimications exchange, induding: 

a plurality of exchange units for recdving low bit rate data fit>m respective customer 
units and for sending high bit rate data to said customer unit^ 

means for establishing a hig|i \nt rate tdecommunications channd between a high bit rate 
30 data provide and at least one of said exdiange units; and 

means for establishing a low bit rate tdecomnumications diannd b^ween said at least 
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one of said exchange units and said high bit rate data provider. 

The present invmtion foxther provides a distribution smtdi, including: 

a plurality of exchange units for comnmnicating with respective customer units and for 
5 smdingcont^ signals to said customer units; 

means for establishing a telecommunications channel with a content ^gnal provide to 
rec^e applications cyclically broadcast by said video signal provider^ and 

means fiH' establishing a telecommunications channel with at least one of said customs 
units to provide said applications th^o wh» requested. 

10 

The present invention also provides a distribution system, including: 

means for establishix^ a telecommunications channel with a content agnal provider; and 

a plurafity of excfaai^e units for conmmnicating with a respective plurality of curb units 

over (^tical Hnks, said curb units comnmnicating with re^e^ive customer units; 
IS said exchange units induding means for multicasting contoit ^gnals provided by said 

content ^gnal provider on said telecommunications diannel to said curb units. 

The present invention forther provides a di^ritnition system, induding: 

a plurality of excfaai^ units for receiving fow bit rale data from respective re^^ 
20 and for sending high bit rate data to said remote umts; 

means for ^blishtng » High Kit rate tdecommumcations diannd between a hig|i bit rate 
data provider and at least one of said exchange units; and 

means for establidiing a low bit rate tdecommimications channel betweoi at least one 
of said exchange units and said high bit rate data provider. 

25 

Preferred end>odiments of the pres^ invention are herdnafte- described, by way of 
example only, with reference to the accon^)anying drawings, wh^dn: 

Kgure 1 is a block diagram ofa first prefOTed embodiment of a distribution system; 
Kgure 2 is a more detailed block diagram of the distribution system of iagure 1; 
30 Figure 3 is a blodc diagram ofa distribution switdi of the system; 

Hgure4 is a block diagram of a dmnnd distribution subrack of the distribution switch; 
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Figure 5 is a block diagram of a cfaannel inter&ce uiut of the channel distribution subrack; 
Figure 6 is a block diagram of a channel dstribution unit of the channel distribution 
subradc; 

Figure 7 is a blodc diagram of a channd access subrack of the distribution switch; 
5 Figure 8 is a block diagram of a channel access unit of the channel access subrack; 

Kgure 9 is a block diagram of an alarm control unit of the subracks; 
^gure 10 is a block diagram of the interconnections between the subracks; 
Figurell isasdiemadcdiagramiUustratirigtheagEiallingarcMtectureof distribution 

system; 

10 Figures 12, 13, 14, 15 and 16 are message flow diagrams for the system; 

Figure 17 is a block diagram of an alternative dual ring architecture for providing bus 
protection for the distribution switch; 

Figure 18 is ablock dagram of a second preferred embodiment of a distribution syst^ 
Figure 19 is a Uock diagram of an enhanced cfaaime] distribution subrack of the 
IS distribution switdi of Kgure 18; 

Figure 20 is a block diagram of a synchronous t^mination processor (STP) of the 
diannd distribution subrack of Figure 19; 

Figure 21 is a block diagram of a synchronous inter&ceunit of the STP; 
Fgure 22 is a block diagram of the arrangemoit of drcuit cards in an STP; 
20 Fgure 23 is a block diagnunofana^cfarxmoustransfb' mode terniination processor 

(ATP)of the diannd distribution subrack of Fgure 19; 

Fgure 24 is a block diagram of a drcuit processing module of the ATP; 
Figure 25 is a block diagram of a diaimd access subradc of the distribution switch of 
Fgure 19; 

25 Fgure 26 is a bkxdc (£agram of an integrated gateway uiut of the diannd access subrack 

of Figure 25; 

Fgure 27 is a block (fiagram of an ADSL exchange imit of the channd access subradc 
of Figure 25; 

Figure 28 is a blodc diagram of an ADSL customer uiut of the distribution system of 
30 Figure 18; 

Fgure 29 is a block diagram of a third prefiarred embodiment of a distribution sj^em; 
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Egure 30 is ablodc diagram of afibre to the curb (FTTC) channd access subrack of the 
distribution system of Figure 29; 

Figure 3 1 is a block diagram of a remote optical diamiel access imit of the FTTC diamid 
access subrack; 

5 Figure 32 is ablock diagram of a curb access subradc of the distribution system of Figure 

29; 

Figure 33 is a block diagram of the curb access subrack with an ISDN unit; 
Figure 34 is a block diagram ofthe curb access subrack with a POTS unit; 
Fiffxre 35 is a block diagram of the fibre Une unit (FLU) of the curb access subrack; 
10 Figure 36 is a schematic diagram of components interconnected for transmis^on of 

Internet trafiBc on the distribution system of Hgure 1 8; 

Figure 37 is a block diagram of an ADSL customer unit of the distribution syst^ of 
Figure 18 connected to a customer's PC; and 

Figure 38 is a block diagram of an ADSL customer unit of the distribution system of 
15 Hgure 18 connected to a custom^s LAN. 

A video ^gnal distribution system 2, as shown in Hgure 1, uses an existing PSTN that 
includes a transmission n^work 4 \^ch is aUe to transnut digital data at a high bit fate^^ sudi 
as, but not Kmtted to, l.S Mh/s, 2 Mb/s or 6 Mb/s. The PSTN indudes a number of local 

20 switching exdianges vrfixdi are used to switch tdepbone caDs to and ^ 

connected diereto. The ct^tCHner terminals and tiie tdecomnmnications lines used to connect die 
t^minals to the respective local exdiapges form the customer access network (CAN) ofthe 
PSTN. The tdeoormmmications lines of the CAN m^ be pairs of coppo' conductors or optical 
fibres to respective customersL For Enes which use copper conductors 8, the ^stem 2 term 

25 a copper pair with ADSL customs equipment 10 at the customs prenuses and an ADSL 
exchange unit 12 at the local exdiange for the customer. The local exdiange indudes a 
distribution switdk 14 vAddi has a plurality of the exchange umts 12 for respective customers 
which can be connected to the local exdiange. The distribution switch 14 is an integrated 
gatew^and video switdi^irfndi establishes oommumcations diannds b^ween video information 

30 provider (VIP) equqmiem 16 and customers ovor the PSTN a^ 

equipment 16 to the customs. The distribution switdi 14 is also connected to the tdq^hone 
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swHdi drcuitiy 18 of the local exchange for the POTS and allows the POTS telephone signals 
to be tran^tted over the copper conductors 8 using the exdiange units 12 and customer 
equipment 10. 

S The ADSL customer equipment 10 is connected to a customer's telephone 20 to recdve 

and trananit POTS agnals. The ADSL customer equipment 10 is also connected to a set top imit 
(STU) 22. The customer equipment 10 is able to transmit video signals to the set top unit 22 for 
display on a tdevi^on 24 connected to the STU 22. The STU 22 generates control ^gnals m 
rei^nse to agnals received fixnn a ratnote control umt 26 and the control dgnals are transmitted 
10 to the ADSL customer equipment 10 for fiirtha* transmis^on on a copper conductor 8 to an 
exchange unit 12 of the distribution switch 14. The customer equipment 10 and the STU 22 can 
be integrated into one unit at the customer's premises, if desired. 

The video signal distr3]ution 9stem2 incfatdes a phirality of the distribution switdies 14 
15 located at req>ective local exdianges. The distribution smtdies 14 are able to coimect to VIP 
equipment 16 of the system 2 usasig terminal equipment 28 which are tdeconmiuxucations 
inultqdocei/demultiplexers that allow a £gttal commmucation channel to be establi^ed betwera 
the VIP equipment 16 and a distribution switch 14 uang the transnus^on network 4. 

20 The VIP equipment 16 may iiudude a video s^er 30, a managemmt and hilling systmi 

32, an authoring system 34 and real-tiine encoders 36. The real-time encoders 36 are used to 
£gjtise and con^xress analogue video prc^;rams using a standard compression technology, sudi 
as MPEG. The compressed digital video agnals for live programs, sudi as those on Pay TV 
cfaannds, can be tooadcast directly from the encoders 36 on communication diannds established 

25 with distribution switches 14. The >ddeo agnals can then be xxuiMcast to customs 

via tfie distribution smtcfaes 14 for customers vAidtk are authorised to recdve the video signals. 
The real-time encoders 36 can also be used to provide compressed dig^ video data for storage 
inthe video server 30. The video server 30 is able to coirmiunicate with distribution switches 14 
via the temunal equipment 28 so as to access and provide stored video programs vA^en 

30 requested. 
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The distribution switch 14 of a local exdiange communicates with an STU 22 and the 
VIP equipment 16 to establish a communication duumel therethrough between the VIP 
equipment 16 and the STU 22. Once the channel is established, the STU 22 and the VIP 
equtpmmt 1 6 commumcate with one another directfy, with the STU 22 providing control signals 
5 to the VIP equqiment 16 and the VIP equipmmt 16 providing compressed digital video agnals 
in response thei^, the video agnals bdng decoded by the STU 22 for display on the televiaon 
24. DepeiKiing on the communication channels establidied, the distribution switch 14 is able to 
multicast video agnals to a numba- of selected STUs 22. This is particulariy advantageous for 
Pay TV, PPV and live to air cfaannd s^ces which may need to be sent to a numto* of 
10 customs amultaneously. Both live and prereccmied video Agnals can be sent to customers, and 
tte distribution switch 1 4 also allows for fest switching between Pay TV and live channels at the 
local excfaai^. Tte distribution switch 14 is also able to provide point to point commumcation 
diannels for services such as VOD. 

IS An exan^le of the video signal distribution system 2, as shown in Ilgure 2, is configured 

to support 300 customers, 100 each at three diflFerent local exchanges 40, 42 and 44. The first 
and third local exchanges 40 and 44 support customers vMch use DMT modulation and the 
second local exchange 42 supports customers which use CAP modulation. The VIP equipment 
16 is able to provide ^ultaneously 63 2 Mh/s channds firom the video servo- 30 and seven 2 

20 Mb/sand seven 6 Mb/sdianndsfiomtiie real-time encoders 36 are for live video progr^^ 
of the r^«>nn*^g are provided to synchronous digital hierarchy (SDH) terminal equipment 28 for 
transmisaon on an SDH transmission networic 4 of the PSTN. The seven 6 Mb/s c h annels are 
mithiptexpd bffrretniT^g™5?a"n mtn fine4S Mb/s channeL The 2 Mb/s diannels provided by the 
vHeo saver 3 0 may be di\dded into SO VOD simultaneous channds, nine PPV c h annds, three 

25 control c^^mnftlfi for signalling and alarm transport to each of the distribution switches 14 of the 
local exchanges 40 to 44, and one cfaannd for downloading application control software to a 
connected STU 22. The VIP eqmpment 16 indudes an alarm monitoring unit (AMU) 46 wtedi 
coQects, stores and reports on errors and conditions assodated with the system 2. The alarm 
monitoring unit 46 monitors the distribution switches 14 of the local exchanges 40 to 44, the 

30 ADSL equipment 10 and 12, and the STUs 22. 



wo 97/09827 



PCT/AU96/00561 



-9. 

The distribution switch 14 of each local exchange 40 to 44 includes at least one channel 
distribution subrack 50 which establishes a dual bus system for connection to ADSL access 
subracks 52, which each indude ADSL interfeces 54. The DMT interfeoes can be drawn 
schanatically in the same manner as the CAP inter&ces for the second local exchange 42 wh^e 
5 the POTS cxdiangeHnes are spfitoflFdirectly from the interfeces 54, as opposed to ^ 
DMT POTS splitter 55. The ADSL intwfeces 54 form the ADSL exchange units 12. In the 
example shown in Figure 2, for CAP and DMT thwe are ten ADSL access suhradcs 52 each 
inchiding ten ADSL int^faces 54, which can be increased as desired. 

10 The channel distribution subrack 50 establishes two high data rate buses which have 

oppoate data flow directions and allow data to be time dhdaon muWplex thereon to provide data 
to the access subracks 52. The subracks 50 and 52 are controlled by an alarm control units 
(ACUs) 56 vMdk can recdve and transmit control signals via the terminal equipment 28 using 
a router 70. The channel distribution subrack 50 is coimected to the terminal equipment 28 to 

15 recdvethe2Mh/sdianndsandthe6Mb/schannds, thelattorbdngviaado^ 

The ifistrihition switch 14 is able to broadcast or multicast video agnals to the ADSL 
interfeces 54 from the dual bus established by the cfaannd distribution subradc 50. Channd 
svritcfaing ^gnals recdved from the STU 22 can be processed and executed by the distribution 
20 switdi 14 vriiicfa enables fest response times for cfaannd chan^xig. The broadcast or nudticast 
equability of the switch enables many users to be connected to a angle ^adeo chaimd recdved 
by the distribution switch 14 ^muhaneously. TMs provides agmficant savirtgs in network 
c^adty as a dedicated connection for each customs to the VIP eqmpment 16 is not required 
for aU services. 

25 

The distribution switch 14 provides a gateway, referred to as a levd one (LI) gateway, 
vAndi is used to establish communication between the video signal provide equipment 16 and 
the STU 22, and to control the switching of video channds to the customer. A control signal 
mformation pipe is established between the VIP equipmmt 16 and the STU 22 after a menu 
30 sdection provided by the LI gateway. The distribution switch 14 is an asynwnetric 

it switd« U0i bit rate video data agnals in one dragon and low bit rate control ^gnals in both 
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directions. 

The distribution switch 14, as shovm in Figure 3, indudes a number of int^connected 
channel distribution subracks SO and access subracks 52 which transfer recdved video signals 
5 or data usii^ldgh speed paraUd buses 64 and 66. Control data is transfers 
Ethernet lines fiom the subracks 50 and 52 to a 1 0 baseT hub 68 and then to a multi-protocol 
router 70 wUdi connects to the t^rninal eqiiipment 28. The MPEG video data 
diannd distribution subracks SO is time divi^on multiplexed onto the paralld bus 64 and 66, the 
first bus 64 travdling in a counter clockwise direction through the access subracks 52 and the 

10 second bus 66 travelling in a dockwise direction through the access subracks 52 so as to 
a structure. The access subradcs 52 cowspzx^ the video data fi-om both directions and choose 
the higher quality agnal for reception. The access subracks 52 regenerate the dgnals on both 
parallel buses 64 and 66 and sdectivdy demultiplex the received video data for transmisdon 
umg the ADSL intar&ces 54. The ring structure provides a backup path in the event of a 

IS subrack &ilure. 

A cfaannd distribution subradc 50, as shown in Figure 4, indudes a plurality of channd 
intcffice umts (CIUs) 72 for respecth^ 2 or 6 Mh/s ^ddeo data line^ 

28, and a diannd <fistribution unit (CX>U) 74 vMtltk multiplexes data firom the cfaannd intei&:e 
20 units 72 onto tite first and second paraDd buses 64 and 66 for distribiition to the acc 

52. An ACU 56 is induded to control the CIUs and the CDU 74 \xax% a lifotorola soial 
I^ripheral inter&ce (SPI) bus 76. The ACU 56, as discussed hereinafter, is able to receive 
control data fiom and for a customer, and transfo- it to the hub 68. 

25 A2Mb/sCIU72,asshowninFigureS, has 21 diannd inter&ces 80 for 2.048 Mb/s 

channds. Data recdved on the channels is decoded by decoders 82, stored in elastic stores 84 ^ 
and then held in 16 bit shift r^^ers 86 before being multiplexed by multiplexers 88. The 21 
dianneis are syndiromsed to a2.1125 MHz dodcuangbit-stuflSng and are then multiplexed into ^ 
a 32 Int paralld fomiat at a word rate of 3 3 . 7 MHz by the muhiplexers 88 . To each 32 bit word 

30 parity and stuffing bits are added so as to produce a 34 bit word output on a 34 bit output bus 
90 to the CDU 74. The parity bits are prodded by parity generators 87. A monitor diannd 



wo 97/09827 



PCT/AU96/00561 



-11- 

output 92 can be provided for analyas purposes uang a diannd selector 94. Control of the 
monitor channel ou^ 92 and the timing for the CIU 72 is provided by a microprocessor 96 of 
the dU which can communicate with the ACU 56 u^g the SPI bus 76 and can also monitor 
channel alarms held by an alarm unit 98 connected to the channel inter&ces 80. The GDU 74 
S selects data fiom the CIU units as blocks of 21 channels. The base address of these blodcs is 
configurable by the ACU via the SPI bus 76. The monitor channel output 92 can be used to 
provide a 2.048 MHz reference dock for the rest of the distribution switch 14. 

The CDU 74, as shown in Figure 6, multiplexes the video data received on the output 
bus 90 fiom the CIUs 72 onto the buses 64 and 66. The buses 64 and 66 are each 18 bit data 
buses operating at 135 Mwords/s, the 18 bits induing 16 bits of video data, one parity bit and 
one sync bit. Data recdved on the buses 64 and 66 by the CDU 74 is dOTuWplexed by 
demuhipkxers from 18 tnt wonls mto 36 tMt words on tv^ 36 fait buses^ 
two parity bits. Under control from the ACU 56 of distribution subradc 50, a multiplexer 102 
sdects one of the buses ftr muitiideadng with incoming data on the output bus 90 from the CIUs 
72. The received data on the output bus 90 is multiplexed with that on an internal bus 1 04 fiom 
the muhiplexer 102 by nmUplexm 106 at twice the data rate so as to produce the bus^ 
66v A locally generated fifanm^ signal and dodc signal are provided by an internal osdilator 108 
which runs at 67.4 MHz and is provided also to the CIUs 72 by a dodc driver 110. A control 
processor 1 12 of the CDU 74 controls the tinring of the CDU 74 and uses a timing gate arr^ 
114 to provide sdect agnals to the CIUs 72 vtssDg a driver 116. The control processor 112 is 
connected to the SPI bus 76 to recdve and transmit control ^gnals b^ween the ACU 56. 

An access subrack 52, as shown in Hgure 7, includes an ACU 56, ten CAP ADSL 
25 mteifices or ten DMT ADSL inteAces 54 and a channd access umt(CAU) 120 which 

to die paraDd buses 64 and 66, and the ADSL into&ces 54. Each ADSL into&ce 54 is able to 
pro^ade a (fi^tal subscriber fine 8 to a customer. The CAU 120 acts as a switdi winch is able to 
access video data on one of the buses 64 or 66 and provide it to a sdected ADSL inter&ce 54 
fiM- a custcMner. Control data provided from the STU 22 of a customer is recdved by an ADSL 
30 inteAce 54, >da customer eqmpment 10, and passed to Ae ACU 56 togethCT 

alarm monitoring and proviaoning (O AM&P) data. The data can then be provided to the VIP 
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equipment 16 using the router 70. The ACU 56 controls the switching performed by the CAU 
120 by the SPI bus 76. The ACU 56 is also able to pass STU data to the STUs 22 using a 
selected ADSL intCTfece 54. 

5 The CAU 120 is Dhistrated in Hgure 8 for one of the buses 64 for ^plidty. The video 

data on the first bus 64 is regraerated and retimed using a jitter reduction drcuit 124 and a 
retiming drcuit 125 is used to account for dday, frequency doubling and jitter based on a dock 
sgnal obtained fcom the bus 64. The retimed and regena^ted video data is placed back on the 
bus 64. The data on the bus 64 is d^ultiplexed by a demultiplexer 122 into a 32 bit data word 
10 with a fiirther parity bit and stufiBng flag and is cfaedced for parity by a parity checks 125. The 
demultiplexed video data fiom both buses 64 and 66 is compared and the data of the bus having 
the Inghest quality is passed (man output 32 bit bus 123 to a gate array 126. The gate array 126 
and the other drcuitry of the CAU 120 is controUed by a miooprocessor 130 in response to 
instructions recdved on the SPI bus 76 from the ACU 56. 

15 

The gate arr^ 126 irK^udes an ADSL cbanndumt 128 for each ADSL inter&ce54. The 
ADSL cfaannd units 128 each inchide a thnedot as^gnor 132 \^ch is connected to a framing 
fi^itjpTt of tW^ <<pinii1ttplpgfftr 1^ fhr the deimiltiplexfid video data. The timeslot asagnors 132 are 
all programmable by the nuc3t)processor 130 to access spedfic timeslots or chamids of the 

20 demuhq>lexed video data and pass it to a respective ADSL inter&ce 54. When set by the 
nuaoprocessOT 130» a timeslot as^gnor 132 ensures video data of atimeslot is read into one of 
three duft registers 134 of the ADSL diannd unit 128. Video data stored in the shift registers 
134 are multiplexed by a multiplexer 136 of the ADSL diannd unit 128 and passed to die 
respective ADSL inter&ce 54 fiirtransnnsscm on the ADSL liiie 8 to a custoxne^ 120 

25 theixfimselectivdy passes ladeo data to an ADSL intetfiu:e 54 by s^ 

diannd umt 128. The video chaimd passed to the customer is sdected by the timedot as^gnor 
132 accessing the oone^nding timedot of the video data rdative to the frames recdved by the 
gate array 126, in response to control ^gnals recdved by the processor 130 vMdi in turn is 
instructed by the ACU 56 concenung the chaimd required. Video data is provided to gate array 

30 126 in fianies of 1024 timedots,\^ntheaditiniedot being available f^^ 

and indudinga syncfaroinsing signal to distinguish fix)m other timeslots. The sdective use of the 
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timeslot asagnors 132 allows the gate array 126 to pass the same video channds to the ADSL 
inteifeces or a mixture of diflfoent diannels to the ADSL int^feces, induding a diflRa^nt video 
chamid for each inter&ce. 

5 The ACU 56, as shown in Hgune 9, is resident in both the channd distribution subradcs 

50 and the access subradcs 52, as desoibed previously. A angle ACU 56 is required in eadi of 
the subradcs 50 and 52 to control information flow between the various components of the 
distribution switch 14. The core componrat of the ACU 56 is a Motorola MC68360 
communications controUer 150. All data transfers invohdng the ADSL inter&ces 54, memory 

10 accesses and alarm operations are supervised by the controller 150. A boot ROM 154 is provided 
to execute startup procedures after reset, vMch indudes data download routines and various 
c^her operating system or mcHiitor prpgram tasks. The flash ROM 1 56 is used to store executable 
code the ACU 56 \rfrich can be dowdoaded ther^o. A RAM 158 is used for data ^ 
other system read/write requirements, and an EEPROM 1 60 is used to store customer related 

15 infOTnation,sudi as customs video channd or fedfity access. Locdsto 

ACU 56 allows the CDUs 74 and CAUs 120 to take nnmediate action on some commands Scorn 
the STU 22 wdKHit havmg to ccnmnunicate wth the VIP equipmeit 16. The controUer 1 50 also 
estabHdies the SPI bus 76 whidi is used, as discussed previously, to control the diannd 
switching of the CAUs 120 and the CDUs 74. The SPI bus 76 is also used to coDect alarm 

20 infoimatiottfiOTi Ae diannd access umts 120, CDUs 74 and CIUs 72. Two 74HC138 decoders 
162 are connected to input/output ports of the controller 150 so as to provide 16 SPI slave 
sdecdcm fines 164 for sdecting the units 120, 74 and 72. Control signals are passed between the 
ACU 56 and the STUs 22 uang ten synchronous inter&ce channds 166 connected to the ten 
ADSLinter&ces54. Thedataistransmitted/receivedseriaDy at 16 Kb/son the interfiices 166. 

25 The syndironcHis interfiices may be implemmted uang five Zilog 85230 serid conramiucation 
controllCTS 168. An intemd crystd osdllator/PLL drcuit allows the controller 150 to operate 
with 25 MHz system-clock 152. 

To provide an orderly system of information exchange between the distribution switch 
30 1 4 and the VIP equipment 1 6, one ACU 5 6 in eadi locd exchange 40 to 44 can be deagnated 
ataastei'withtberemainmgACUs 56 in the distributbn switch Apart firom 
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mainta ining its own subrack fiuictions, the master ACU 56 has the additional task of gathering 
and distributing set top and OAM&P data to the dave ACUs. Whra configured as the master, 
the ACU 56 op^es two reserve inter&ces which are not used in the slave mode. The two 
inter&ces are a communications channd 170 to the terminal equipment 28 and an OAM&P 
5 RS232 link 172. The ACUs 56 can also aU be operated u^g the same configurati 
master/slave relationship. 

The conmumications channd to the terminal equipment 28 for an ACU 56 may be the 
Ediemet link 1 71 described previously to the hub 68 and router 58, or akematively the ACU 56 

10 can provide an SDH 2 Mb/s&703intei&ce 170, as shown in Kgure 9, which can be connected 
(firectly to the terminal equipmfflt 28. The communication channel 170 sends data received from 
the STUs 22 to the tran^msaon n^ork 4 and is also used to receive response data for the 
STUs 22 ^di can be distributed, as required, to the slave ACUs 56. TheRS232 link 172 
conv^s gatho^ OAM&P information to and from the AMU 46. A second 2 Mb/s G.703 

IS inter&ce 172 is {Htyvided to convey aO set top data and OAM&P infi>^^ 

ACUs and the mast^ ACU. A third link 174, which is the same as the second link, is also 
provided as a badaip should a &ilure occur on the second link 172. Data is conveyed over the 
links 170 and 172 using a HDLC protocol The contrdler 150 indudes an internal HDB3 
encoder to encode and decode data packets tran^tted on the links 170 to 174. The controller 

20 150 pfovides an RS4851mk 176 to transmit aU OAM&P informat^ 

theADSLniter&:es54. The controller 150 is able to displ^ alarm conditions using a plurality 
of alarm LEDs 178 and is able to drive a numbo* of alarm rdays 180 to activate other devices 
viben certam alarm conditions occur, sudi as a non-urgent (NU) condition, an urgent (U) 
consfitkm (H* an alann receiving attention (ARA) condition. The ACU 56canfiirtherbeusedto 

25 download software to a CDU 74 or CAU 120 u^g a local RS232 terminal 173. 

The arrangement of die ACUs 56 in die distribution subracks 50 and access subradcs 52 
issbowninEgurelOvrfucfailhistrBtesthecomiecdonofthelin)^ 172 between the ACUs 56 and 
the 2 Mb/s link 170 to the VIP equipmait 16. The 2 or 6 Mb/s video data inputs from die 
30 temunal equipment 28 are shown as links 182 into the distribution subracks 50. The ACU 56, 
as described previously, is able to provide instructions to a CAU 120 to connect a customer to 
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a particular video channd. Once placed on the buses 64 and 66 by the CDU 74, theCAU 120 
may switch the customer to that channel by sdecdng the appropriate ADSL channel unit 128 for 
the correct timedots, as a result of messages received from the VIP equipm«it 1 6 or as a reailt 
of video dial tone (VDT) messages received from the STU 22 m response to a customer 
5 selecting a channel. The customer will only be able to switch between chaimds using the 
distribution switch 14 for channds the customer subscribes to and are broadcast to the 
distribution switches 14. A customs may also use the distribution switch 14 to switch between 
free-to-air broadcast charmds whidi are broadcast to all of the customs connected to a 
distribution switch 14. 

10 

The ACU 56 is configured to provide applications, which can indude menus and 
^plication software, to sdected customs. The video agnal provider eqiripment cydically 
broadcasts to the local exchanges 40 to 44, the applications \^ch can then be switched by the 
(fistribution switdies 1 4 to the STUs 22 m response to requests firom a customer. If reqirired, the 

15 ACU 56 stcHes and generates a menu of avalable video agnalAnformationpr^ 

a customer can sdect a video service. On sdecting a video information provider, the ACU 56 
establishes a sesa<m with the VIP 1 6 using VDT signalling. The VIP equipmrat 1 6, using VDT 
messages to the ACU 56, can ccmtrol the switching of diannds as par the requirements of an 
interactive sesaoa The messages are also used to switch the bn>adcast 

20 22. This is particulariy advantageous as customers do not need to establi^ a dedicated high 
speed communicatioji channd wdi the VIP equi|Mnent 16 m c^er to receive an application. The 
ccmfiguration of die channd distribution and access subradcs 50 and 52 also enables more than 
<Hie STU to receive amultaneou^ Ae requested applications wbich have been broadcast to the 
localexdianges40to44bytheVIPeqmpm^ 16. 

25 

Signalling b^ween the VIP equipment 16, a distribution swtch 14 and a STU 22 is 
iUustrated in Figure 1 1 vMch also shows agnalling to the alarm morutoring unit 46 of the VIP 
equipmCTt 16. The phydcal and link layout protocols used are: 

Manchester Form ofline encoding inchiding a dock. 

30 G.703: An dectrical inter&ce ^>edfication (inchjding coding) defined by 

the intonational standards body ITU. 
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ISO 8802J: 
RFC 894: 
PPP: 
LAP-B: 

The agnalling protocols used are: 



IP: Part of the TCP/IP protocol suite. 

UDP: Part of the TCP/IP protocol suhe. 

VDT: Video Dial Tone. Gmeric term for video control ^gnaOing. 

1 0 ACUP: Alarm Control Unit Piotocd used for monitoring the distribution 

switch. 

VT-100: Di^lay control codes. 



ACUP signaffing 201 occurs exchisivdy between die distribution switch 14 and the VIP 
IS eqmpn^ 16, VDT stgnalUng 203 and 205 is supported between the VIP equipn»it 16, the 
dstribution switch 14 and the STU 22, and the same applies for application ^gnallmg 207 and 
209 b^ween the VIP equipment 1 6 and the STU 22. The application agnalling 207 and 209 is 
transparent to the distribution switch 14 once an interactive session and video data 
communication channel has been established between the VIP equipment 16 and the STU 22. 
20 Avideo data channd 211 is eBfecttveiy transparent to the cBstributionswi^ 14 once established 
between the VIP equipment 1 6 and the STU 22 so as to download video data to the STU 22. 



Ethernet dectrical int^&ce specification (including coding). 
Ethernet n encapsulation of IP. 
An IP transport protocol for point to point connections. 
Unk Access Protocol - Balanced ^includes HDLC fi'aniing). 



Whena STU 22 is swttdied on h connects to the distribution switch 14 and provides a 
message establishing a connection to the distribixtion switch 14, as shown in Figure 1 2, which 

25 alk>ws the STU to begjn local cfaanndsdection and causes the distributions^ 

the last used video channel to the STU 22. The STU 22 is then able to sdect oth^ video 
channds, assodated with die firee-to-air and authorised broadcast services, sudi as Pay TV, 
which can be switdied by the distribution switch 14. The distribution switdi on receiving a 
channd select agnal, as shown in Rgure 13, provides a video characteristic ^gnal to the STU 

30 22 infomnng the STU 22 ofthediaracteristicsofthe video channd if tte 

to receive the diannd. The distribution switch 14 then provides a display agnal to display the 
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channd number for a brief period vMch appears over the video signal provided on the broadcast 
channel. If the user is not authorised, the distribution switch is not switched to the selected 
channel and instead causes display of a message indicating that the customer is not authorised. 

5 The remote control unit 26 for the STU 22 is pro\dded with a VIP button which vAea 

dqxressed, initiates an interactive session with the VIP equipment 16. The distribution switch 14 
provides a VIP and service selection menu fiom the user can sdect the VIP equipment 16, 
and the STU 22 sends a select VIP agnal to the distribution switch 14, as shown in Figure 14. 
The distribution switch 14 then sends a session request agnal to the VIP periodically untQ the 

10 VIP sends a session acknovsdedge message. The VIP equipment 16 niayrqectt^^ 

by rq)Iyix)g with an ^>propriate error code in the session adcnowiedge message. If after a number 
of attenqits tfie session request is not adcnoidedged, the (fistribution switdi 14 then tears down 
any resources associated vAih the request. Once the session acknowledge message is received, 
tfie distribution switch 14 then estabHsfaes a VIP to STU control channel. The distribution smtdi 

IS 14 then connects the qypropriate video data dianiid to the customer and provid 

adcnovdedge signal to the VIP to advise that the channel is available for transmis^on. The VIP 
16 mforms the STU22 of the ccHmectionby pfOvi(fii)g a VIP cotmected message to the STU 22, 
\)^ch pronqyts tiie STU 22 to prq>are for an ^plication boot sequence. All signalling then 
occurs between the VIP equipment 16 and the STU 22 so as to b^jn an application boot 

20 process. Once the boot session has been establidied betweoi the VIP and the STU, the 
applications are downloaded from the VIP equipmoit 16 to the STU 22 on the video data 
channel. As (fiscussed previou^, ^plication software and menus are broadcast to the 
distribution switch 14 so these plications can be downloaded on the video diarmd directly 
fimn die switch 14 to tte STU 22. After tl^ boot sesaon has been conqpleted and the plication 

25 downloaded, the VIP and the STU 22 exit^ the int^^ctive sesaon \^ere the VIP can provide 
video data as requested by the STU 22. During the interactive sesdon, the VIP can change the 
video port to vAich the STU is cormected by sending video setup request signals to the 
distribution switdi 14. The distribution switch 14 provides the VIP with a video setup 
acknowledge message once the video port change has been completed. During the interactive 

30 session, the application signalling and video data streams are transparent to the distribution 
swrtdi 14. The interactive session can be terminated on a request issued by the video s^er or 
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tfae STU 22 and the resources associated whh the session are then torn down by the distribution 
switdi 14. 

For an plication boot process, v/here the application is broadcast to the switdi 14, as 
5 shown in Figure IS, once a boot sesaon has been established between the VIP 16, the 
distribution switch 14 and the STU 22, the VIP 16 initiates the boot sequoice, as described 
previously, by smding the connected message to notify the STU 22 to also be^ the boot 
sequence. The connected message, ^ch is a layer 2 (L2) message, nominates that the boot 
method is broadcast as opposed to pointcast. The STU 22 responds with a boot message 

10 idaitifying the type and config^iration of the STU 22. The VIP 16 then responds with a aze 
message indicating the aze of the application to be downloaded. The size message is sent either 
as a specific message on the low speed bidirectional channel or by embedding the aze message 
periodicalfyinpadc^ of the broadcast application sudi that the STU 22 can access the padcet 
via the faigji speed video ciiannd i?Hdthout recei^g the applica^ 

IS forward a ready message if the size indicated by the aze message is accq>table or an error 
message, vMA results in the session being torn dowa After seiKiing the ready message, the STU 
22 monitors its video diannd port for the application. In this instance, the application is one 
iirfiicfa is ^cGcally broadcast by the VIP 16, as descr3>ed previou^. The STU 22 receives the 
plication in memoiy, detenmnes if it is an executable application for that STU and then 

20 resp(xidswitfaanacicmv^e(^ementagnaIifsuccess&LTheST^ 

receive the explication if mors occur, but after a number of attempts, an error message wiU be 
sentto«dtfiesesaon. After sending an admoi^edgemoit message, the STU 22 executes the 
downloaded application and the VIP 16 and the STU 22 enter into an interactive sesaon. 

2S For a pointcast boot sequence, as shown in Hgure 16, an STU 22 downloads an 

application only for itself On recdving the connected message firom the VIP 16, the STU 22 
responds with a boot message n^ch, in addition to identifying its configuration and type, 
^>edfies that the boot sequence is to be pointcast. The VIP 16 responds with a aze message, 
then tiie STU 22 will re^nd with a ready or enoT message, as described previously. The STU 

30 monitors its video report after sending a ready message for data packets. After recdpt of each 
valid data packet, the STU sends an acknovrfedgement message. The VIP 16 resends data 
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padcets if an ackno\dedgemertt message is not recdved. After receipt of the last data packet, the 
STU 22 builds an application from the payload of data packets recdved and checks that the 
application is valid and executable. If the latter is true, the STU 22 re^onds with an 
admowledgment for the last data packet. After sendmg the final ackno\^edgement message, 
S the STU 22 executes the downloaded application and the VIP 16 and the STU 22 rater into an 
interactive ses^oa 

AkCTatively, ^gnalling protocols such as the MPEG standard DSM-CC (I^gital Storage 
Media - Command and Control) as desaibed in ISO Standard ISO CD 13818-6 can be 
10 efiq)loyed. 

EfiSdency is achieved by fflaMing multicast video ^gnals to be provided to a plurality of 
customers. Also contrcd signab aie processed by a distributed n^woik of pr^ 
alleviates ccHigestion normally exp^enced by centralised systems during peak demand poiods. 
IS Furthermore, eflSdent proces^g of cfaannd switching conmiands is performed locally at the 
exdiange imits to provide &st response times from the customer's perspective. 

TmtfH<^ of pgHtKliohing thft parallel Imseft M and 66 using one distrihurion subrack 50^ as 
shown m Figure 3, the buses 64 and 66 can to some extent be protected by providing two 
20 cfisti3nitionsubrack5S0toestabtishthelmses60and64, as^owninH^^ 

established using one distribution subrack 50, \^ereas the bus 66 travdEng in the oppoi^e 
direcdon is established u^g the other distribution subrack SO. This provides some redundancy 
m the distribution switch 14 vtdudi would allow the buses 64 and 66 to stiD be maintained if one 
of the two distribution subracks SO Ms. 

2S 

A second distribution systm 200, as shown in Figure 18, is based on the provi^on of 
(fistribution switches 202 v/bich are an rahanced form of the previou^y described (fistribution 
switch 14. The distribution switch 202 has the same architecture and features as ft^ 
svritch 14 but indudes «hanced distribution subracks 2S0 and enhanced access subracks 2S2 to 
30 provide additional inter&ces and services. A distribution subrack 2S0 is able to cormect to more 
tiian one transmissbn network 4 in that it can cormect to a 1 S S Mb/s link from an SDH network 
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or an asynchronous transfer mode (ATM) network. The access subrack 252 is enhanced, 
tog^her with the customer units 2 1 0, to support more than one set top box 22 p^ customer unit 
210 and to provide con:q[)uter services for a personal computer connected to the customs unit 
210. For instance, the access subrack 252 is able to support Internet trafiBc for a customer unit 
5 2 1 0 at a rate of at least 640 Kh/s. Exanq>les of the services wbidh the distribution system 200 can 



provide include: 


CO 


Broadcast TV (Free-to-air, subscription and PPV) 


00 


Direct lotonet Access (via customer's personal computer) 


Ciii) 


NVOD (Near video on demand) 


10 Ov) 


VOD (Video on Demand) 


(V) 


Interactive Home Shopping 


(vi) 


Home Banking 


(viO 


On-line Games 


(viiO 


Imfirect Internet Access (e.g. World Wide Web Browsing using a display screen 


15 


or TV connected to a STU 22) 



Billing for access is undertaken by external trafiBc monitoring devices, or based on the 
rates of access provided to the customer premises (le, subscription levels based on nominated 
bandwidth available). Akemadvely» a levd of trafiSc metering can be provided in the system 200 
20 for monitoring trafiBc. 

llie distribution suhradc 250 oftfaecfistribudcmswitdi 202, asshowninRgure 19, is the 
same as the distribution subrack 50 ofHgure 4, excq;>t it fiirther indudes an ATM termination 
processor (ATP) 260 and/or a syncfaronous tennination processor (STP) 262 for receiving video 

25 datatrit streams in a syncfarcmoustransfb' mode one (STM-1) format on an oi^ 

ATP 260 handles data streams encapsulated by the ATM protocol, \^diCTeas the STP 262 handles 
streams mcapsulated by the SDH protocol. The ATP and STP 260 and 262 handle video data 
streams received at 155 Mb/s. An ATP 260 can terminate up to 60 ATM adaption \sy& one 
(AAI^l) video channels. The data recdved on the optical link 264 is multiplexed by the ATP 

30 260 and the STP 262, in Ae same manna- as for the G.703/G.704 data handled by the CIUs 72, 
and output to the 0>U 74 for transport on the buses 64 and 66. 
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The STP 262 includes a synchronous processor module (SPM) 266 and a pluraGty of 
syndironous inter&ce units (SIUs) 268 and 270 for diffi^t data rates. The SIUs 268 and 270 
are anular to the diannd intei&ce units 72. An STP 262, as ^own in Figure 20, recdves a 1 5S 
Mh/s^ddeo data bit streani encapsulated by the SDH protocol m the STM-1 fbntiat. A fibre optic 
5 inter&ce module 272 of the SPM 266 recovers dock and data fiom the 155 Mb/s serial data 
stream. The serial data is Ibm processed by a line inter&ce unit (LIU) 274 ^ch converts the 
data and dodc information to byte data and clock ^gnals and detects the firame of the incoming 
signal. The line inter&ce unit 274 also descrambles the received data and scrambles the 
transmitted data and provides process monitoring via an interface 276 to a microprocessor 277 

10 of the SPM 266. Parallel byte information is passed over to an SDH transmitter/recdver 278 
where it is fiamed or deframed according to the SDH specifications. Octet alignment is also 
provided for aU data rates up to 1 55 Mb/s, and idle octets are generated or screened as required. 
Statical data is monitored continuous, and an mter&ce 280 allows the microprocessor 277 
to access control registers for insertion of selected headar fields by the transmitttf 278. An El 

15 firmer 284 is used for both receive and transmit operations and is soldy dedicated for 
ETHERNET STM-1 firaming of control and management systems for both upstream and 
downstream data transfers. 

A STM-1 signal is output by the SDH transceiv^ 278 and is demultiplexed mto three 
20 tributaiyumtgroups(TUG-3)agnalsbyaTU&3demuItq^ 

arefimher demiihiplexed to DS2 (6312 Mbit/s) and El ^.048 MtHt/s) data streams by sdecting 
2tppropnatc SIU modules 268 or 270. 

The TUG-3, DS2, El» DS3, STM-1, SDH and ATM formats are all defined by 
25 International Teleconmnmications Union (TTU) specifications, as is the G.703 and G.704 
formats. 

The SIUs 268 and 270 are used to process DS2 6 Mbit/s and E 1 2 Mbit/s data streams, 
respectivdy. The SIUs 268 and 270» as shown in Figure 21» have the same components and 
30 ardntecture as a CIU 72, as shown in Hgure 5, except the inter&ce 80 and HDB3 decoder 82 
of the CIU 72 are replaced by a DS2 demuhiplexer 286 or El donuhiplexer 288, respectivdy. 
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The DS2 (6.312 Mbit/s) demultiplexing is done using a DS3 (44.736 Mbit/s) multiplexing 
structure. Eadi of the demultiplexed E1/DS2 data streams is converted to NRZ (Non-Return 
Z^o) 34 bit paralld words for output to the CDU 74 on the output bus 90. 

5 Hie distribution subrack 250 opmtes by multiplexing up to 1 024 MPEG TV channels 

(each 2.048 Mb/s) onto the 34 bit dual buses 64 and 66, and a 2M or 6M channel can be 
multiplexed onto the buses 64 and 66 by selecting a DS2 SIU 268 or an E 1 SIU 270. The 2M 
and 6M can be mixed on the buses 64 and 66 allowing for multiple combinations. An STP 262 
indudes a number of comWnations of SIU cards (2M/6M) 268 and 270, as shown in Figure 22. 
10 The STP 262 allows the following combinations to be achieved by draiultiplexing using the 
TUG-3 sagnals and the DS3 format, such as: 

(a) 63 X El diannds 

(b) 21 X El + 14 X DS2 channels 

(c) 42 X El + 7 X DS2 diamids 
15 (d) 21 X DS2 channels 

Themaxfanumthroug^qnitperEl card 270 is 21 x 2M diannds and per DS2 card 268 is 7 x 
channels. Each of the channels is converted into a 32 bit paraOd format, and multiplexed onto 
tiie output bus 90 at a word rate of 33.7 MHz, with parity and stuflBng bits added to the 32 bit 
word, grang a total of34 bits. Once per firanie, each El SIU 270 in turn outputs twenty-one 32 
20 bit paralld data wcMTds. Although all SIU units 368 and 370 operate offa 33.7 MHz system- 
dock, tiie clocks to pairs of umts are daggered by 1 80 . The CDU 74 reads data from one SIU 
368 or 370 of tiie pair during the first half of the 33 . 7 MHz cyde, and from Ae other SIU 3 70 
or 368 during the second half of the <7de. In this way a word rate of 67.4 MHz is obtained at 
the CDU 74, wfafle each SIU operates at 33.7 MHz, 

25 

Pro vifflon has beai made to allow ai^ cfaannd to be tested without disturbing normal 
operation on tiie other cfaannds. The E I slots 270 are bidirectional, and a 2M or 6M signal can 
be switched into any diannd in the tq>stream direction and looped back inside the El SIU 270. 
A test agnal 92 is then produced by the El SIU 270. 

30 

The ATP 260, as shown in Figure 23, has a amilar structure to the STP 262 in that it 
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includes an ATM processor module (APM) 290 for p^orming initial demultiplexing of the 
received 1 55 Mbit/s data stream, and two drcuit procesang modules (CPM) 292 v/bioh can both 
process 2 Mbit and/or 6 Mbit channds. The structure of the CPMs 292 are based on that of the 
CIU 72, as shown in Kgure 24. 

5 

An ATP 260 recdves a 155 Mh/s video data bit stream aicapsulated by the ATM 
protocol in the STM-1 format. A fibre optic inter&ce module 296 of the APM recovers dock 
and data from the ISS Mh/s serial data stream. Theserialdatais then processed by a LIU 290 
which converts the data and clock information to byte data and dock signals and detects the 

10 frame ofthetiKxmiir^ signal The liU 298 also descrainblest^^ 

trananitted data and provides process monitoring via an mtedzce 299 to a miooprocessor 300 
of the APM. ParaOd byte information is passed to an ATM tran^tt^/receiver 302 \^ere it is 
framed or defiamedacoorfi^g to the ATM forum q>edfications. Cdl alignment is also provided 
fiH* all data rates up to 155 Mh/s, and idle cells are gaierated or screened as required. Statistical 

15 data is monitored continuously, and the miaoprocessor 300 via an inter&ce 304 can access 
control registers fi>r insertion of sdected header fidds by the transnutto- 302. A UTOPIA 
interface, as q)edfied by ATM Forum Levd 1, Vo^on 2.0, 1994, is implemented for the 
pfayacd layer intei&ce at the output 306 ofthetranscdver 302 iK^uch is connected to a UTOPIA 
demuMpkxer 308. The UTOPIA demuhq^lexer 308 receives cdls and passes ibsm to appropriate 

20 ATM ad^3tationlayeirs(AAL^l/5). There are fifteen AAI^l hyers and one AAL- 

of the fifteen AAL^l layers implanmt four channds with all the fimctions needed for circuit 
enoilation over ATM. The AAL-1 devices reade on the two drcuit procesang modules (CPM) 
292 and are connected to tiie output of the UTOPIA demultiplexer 3 08 . The CPM cards 292 can 
process up to thirty 2 Mb/s streams or ten 6 Mb/s. The line outputs firom the AAL-1 ]siy&c 

25 devices are a po^tive^tiegattve rail NRZ^gnals which are converted to 34 b^ 

the CDU bus 90. The one AAI^5 hyer device 310 is used for both recdve and transmit 
operations. It is soldy dedicated for ETHERNET ATM firaming of control and management 
^gnals for both upstream and downstream data transfers. 

30 ACPM292, as shown in Figure 24, indudes ATM decoders 312 and channd switches 

314 instead of the interfece 80, HDB3 decoder 82 and elastic store 84 of the CIU 72. The 
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remainixig components and architecture of the CPM 292 are the same as that for the CIU 72 
described previously. By combining groups of two or three 2 Mb/s channels^ 4096 and 6.3 12 
Nfl]/sMPEGdiannels can be mbced onto the output bus 90, and selection of 2M, 4M or 6M is 
on a per-dunnel ba^. The decode 3 1 2 are based on COBRA chips, produced by Transwitdi 
5 Corpcwation of Shdton, Connecticut, USA, such as CBR-AAL 1 TXC-05427. The decodes 312 
decode received ATM cells into four channds of data, n^ch can be individually chosen to be 
eithtt^ 2.048 Mh/s (El), 4.096 Mb/s or 6J12 Mb/s (T2). Each 4.096 or 6.312 Mb/s diannd is 
^fit into two or three 2.048 Mb/s channels, u^g the switdies 314, which also synchronise the 
diannels onto a common 2. 1062S MHz dock, using bit-stufiSng. The maximum throughput per 
10 CPM card is 30 x2M channds or equivalent, for example 10 x 6Mor4 x 6M + 9 x 4Mor 5 x 
6M + 7x4M+lx 2M, etc. The combinations are formed by the switdies 314. 

The 30-d)annd CPM card 292 is divided into two IS-diannd halves^ one handling 
channels 1-1 S and the other handling channds 16-30. Each incoming 2M chamid (v^ch mi^ 
IS formpartofa4Mor 6M diannd) can be routed to anyvacantpo^on in the ^me half of the 
CPM. This allows isolated 2M channels Qn the same half) to be used to make up 4M or 6M 
diarmds, and minimises waste of resources vAiea handling a varying mix of 2, 4 and 6M video 
programs. 

20 Eadi of the resulting 2.10625 Mb/s channds is converted into a 32 bit paralld fonnat, 

and the thirty 2M channds are th« multiplexed onto the 34 bit bus 90 at a word rate of 33.7 
MHz, with parity and stu£5ng bits added. Once per frame, each CPM m turn outputs thirty 32 
bit parallel data words, one from eadi of its thirty input chaimels. Although all CPM units 
operate offa 337 MHz system-dodc, the docks to p^ofCPMs 292 are staggwed by 180^*. 

25 The CDU 74 reads data from one CPM 242 of the pair during the first half of the 33.7 MHz 
cyde; and from the otfier subrack during the second half of the cyde. In this way a word rate of 
67.4 MHz is obtained at the CDU 74, while each CPM 292 opiates at 33.7 MHz. 

Provi^on has been made to allow any channd to be tested without di^uibing normal 
30 operation ofthe other diannels. The CPM decoders 3 12 and switches 3 14 are U 

a 2M, 4M or 6M ^gnal can be switdied into any channd in the upstream direction and looped 
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back in^de the CPM 292. A test sagnal 92 then comes out of the CPM 292. 

The distribution subrack 250 can also include a range of other optional input unhs, 
such as: 

5 (i) a CIU-45 unit, which recdves video data streams at 45 Mbit/s, G.703 

based on a PDH hierarchy of 7 x 6.3 12 Mbit/s steams. 
Cii) a CIU-34/DVB unit, winch accepts 34 Mbit/s T3ifftal Video Broadcasting 

(DVB) feeds and splits the content of this feed into a maximum of 16 steams. 

10 An access subrack 252 ofthe distribution system 200, as shown in Hgure 25, differs from 

the access subrack 52 of Rgure 7 in that the ACU 56 is replaced by an integrated gateway unit 
(IGU) 256, \dncfa inccxporates all of the functions of the ACU 56, and the ADSL inter&ces 54 
are rqdaced by ADSL exdiange lusts (EU) 254, \^ch incorporate the features of the inter&ces 
54. The new umts 256 and 254 are induded to provide for a bidirectional diannd to customers 

15 of640Kbit/siisteadof 16Kbit/s»tosuiq)orttwos^topunits(S^ 

and to pnmde TCP/IP network Q.e. Int^et) and ISDN Basic Rate Access for customers. The 
CAU 120istfiesamebuthasitsc^>adtye9q>andedtosupport 20 ADSLchannels>ii^ 
hy provitfii^ additional ADSL channd units 128. The access subradc 252 inchides ten 6 Mh^s 
ADSL EUs 254 wUch each support two ADSL customs units 21 0. 

20 

The IGU 256, as shown in Figure 26, indudes a master Motorola MC68EN360 
communications controller 340 and two slave conmmnications controOers 342 and 344, \^cb 
are contndled by tfie master controller 340 using a conunon CPU bus 348. The slave controllers 
342 and 344 are also Motorola MC68EN360 controllers. The IGU 256 supports ess^itially the 

25 same fimctions as the ACU 56 of the access subradc of Figure 7. The IGU indudes the boot 
FROM 154, tiie flash ROM 156 and RAM 158, in additbn to non-volatile RAM 159, connected 
to the 33 MHz controQer 340 by the CPU bus 348, and wiudi are used to store and execute 
control software for the controQers 340, 342 and 344. The controllers each indude 
commuxncatioiis ports 360, 361 and 363 to send and recdK^ STU and OAM&P control data on 

30 the bidirectional ADSL channds estabCshed by the ADSL EUs 254. The ports 360 of the master 
controllM^ 340 are connected to the first four ADSL EUs 254, the ports 360 of the first slave 
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controOer 342 are connected to the fifth, sixth and seventh ADSL EUs 254 and the 
communications ports 363 of the second slave 344 are connected to the eighth, ninth and tenth 
ADSL EUs 254, respective^. Each port 360, 361 and 363 is able to transmit and receive data 
to and fiom a respective ADSL EU 254 at a rate of L28 Mh/s, bdng the data for two 640 Kb/s 
5 bidirectional channds established by an ADSL EU 254 for two respective customer units 210. 
An ethen^ communications port 328 of the first slave controller 342 and a serial line inter&ce 
adaptor (SIA) 330 connected to the port 328 provide the t^minal 171 for receiving and 
trananittii^ the STU and OAM&P data to and firom the tonunal equipment 28 at the head end 
of the di^bution switch 202. The master controller 340 establishes the SPI bus 76 which is 
10 Unked to the CAU 120, and a UART port of the master controller 340 provides the local 
terminal 173 for the download of applications. 

Tlie IGU 256 of the access subrack 252 is aUe to receive traffic fiom a TCP/IP netwo^ 
sudi as the Internet, and pass it to die ADSL EUs 254 using a shared etheroet bus 368 of the 
15 subrack 252, as shown in Kgure 25. The IGU incfaides a second serial inter&ce adaptor 356 
providmg an ethemet terminal 354 which can handle TCP/IP tra£Sc direct fiom a transmission 
network 4. The trafiSc is placed on tiie shared ethexnet bus 368 by a colMon detector 357 of the 
IGU 256. An ADSL EU 254 collects trafiBc deagnated fi»^ the EU 25^ 
informaticHi contained in the packets on the shared bus 368. 

20 

An ADSL EU 254, as shown in Rgure 27 siq)ports two customer units 210 aiKl therefore 
indudes two ADSL transceiver modems 370 and 372 for the units 210, req>ectivdy. Each 
traiKceivers 370 and 372 is connected via a POTS sphtter 374 to a copper Hne 8 fo^ 
to the respective customer unit 210. The POTS ^littar 374 is connected to the local exchange, 

25 viaafine375,forPOTSagnakforthecustorner. AnADSLtraificeivers370and372es^ 
a download' diannd of to 6 Mb/s and a bidirectional cfaannd of 640 Kb/s over the copper line 
8 to acustom^ unit 210. The ADSL transceivers 370 and 372 are preferably AT&T Parac^e 
CAP ADSL transcdvers. The ADSL EU 254 indudes two video inter&ces 376 for recdving 
video data fiom the CAU 120 for each customer. The video int^&ces 376 each split the video 

30 data into video channels 378 for two set top units and the channds are passed to switches 380, 
yMch are connected to downstream inputs for the transceivers 370 and 3 72, and a bidirectional 
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channel input transcdvers 370 and 372. 

The ADSL EU 254 has a Motorola 68EN360 communications controller 382 for 
handlii^ control data on a 1.28 Mb/s control channel 362, 364 or 368 and networic data on the 
S shared ethemet bus 368 connected to the IGU 256. The shared ethemet bus 368 is connected 
to one sec port 384 of the controller 382 and the 1.28 Mh/s control channel 362, 364 or 368 
for the EU 254 is connected to a second SCC port 386 of the controller 382. A third SCC port 
of the controller 382 supports a first 6 Mb/s to 640 kfe/s downstream line 388 to the first switch 
380 and a 640 kb/s upstream Bne 390 fit)m the first transcdver 370. A fourth SCC port 392 
10 siq)p(»rts a second 6 Mb/s to 640 K downstream line 394 to the second switch 380 and a 640 K 
downstream line 396 fix>m the second transceiver 372. 

The ccmtroller 382 controls how the downstream and bidirectional channds established 
by the transceivers 370 and 372 are used. Control software for the controDer 382 is held and 

15 executed usng a flash PROM 398 and RAM 401 connected to the controUer 382 by 

403 which is also connected to the transcdvers 370 and 372. The high bit rate downstream 
channels are used to transmit video data on the diannds 378 when video data is present for the 
set top umts. STU and OAMM^ oontrd data on the 1.28 Mb/s control diamid 
fi^ the EU 254 has pricmty to the two 640 K bidirectional dianneb. Iiitm^ 

20 368 for the ADSL EU 254 is transmitted on the 640 K bidirectional diannds» but can be 
tranamtted at rates of up 6 Mb/s on the downstream channels if the downstream channds are 
not beh^used to trax^mit video data. The speed at whidi the internet trafiSc for the ADSLEU 
254 is transmitted dq>ends on the ^>eed at vfbkh h can be transmitted on the diared 10 Mb/s 
ethemet bus 368 and the levd of usage of the downloaded bidirectional diannds on the lines 8 

25 fix ti^tianams^on of video programs. As an ahernative,Mernettnkf5c can 

to an ADSL EU 254 on a 10 base T fine 403 and 405 connected to the first SCC port 384 of the 
controller 382. 

The ADSL EU 254 can fiirther indude two ISDN interfiices 407 for the two customers 
30 siqjported by the unit 254, viWdi are provided by two ISDN baa^ 

to the controller 382 by the CPU bus 403. The boards 409 support two ISDN channds 41 1 
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coimected to second bidirecdonal diannd ports of the first and second transcdvers 370 and 372» 
respectively. The ISDN channels 41 1 run at the ISDN basic rate of 160 Kb/s and any ISDN 
trafiBc on the channels 411 use the 640 kb/s bidirectional channels on the lines 8. 

S An ADSL customer unit 210, as shown in Figure 28, has a similar stru(^ure to an ADSL 

EU 254 in that it indudes a Motorola MC68EN360 conummications controller 600, flash PROM 
602, RAM 604, an ADSL CAP transceiver 606, and, if de^red, an ISDN basic access 
all connected by a CPU bus 610. The ADSL transcdver 606 is connected to a copper line 8 by 
a POTS splitter 612. The splitter 612 splits and combines POTS ^gnals on a line 613 for the 
10 customer's tdephone. With an ADSL transceiver 370 or 372 of an ADSL EU 254, the ADSL 
transceiver 606 is able to complete a downstream channd of up to 6 Mh/s and a bidirectional 
channd of up to 640 Kh/s over a copper line 8 to a local exdiange. 

The microcQntToOer 600 has a first SCC port 614 with a 640 kb/s upstream cfaannd 616 

15 oomiectedtoabidirectiondportofthetraxiscdver606, anda6Mb/sto6401d>/s^ 

channd 618 vMch can be connected to the same bidirectional chaimd port or to a downstream 
chaimd port using a switch 620, depending on the data rate fisr which TCP/IP traffic is 
fiarwarded to the transceiver 606. The switdi 620 is also able to switdi the video data streams 
6om down^ream diannd ports of the transcdver 606 to codec and RS422 inter&ce units 622 

20 for two set top units connected to the customer unit 210. The RS422 inter&ces 622 are 
connected to re^>ective ports 624 for each set top unit The STU port 624 in addition to 
receivii% req;)ective video data streams are connected to req[>ective 640 K bidirectional control 
rfiatwpjg 626 via feq>ective second codec and RS422 inter&ce units 628 . The controller 600 has 
a second SCC port 630 connected to one bidirectional diannd 626 for the first STU port 624 

25 and a second SCC port 632 for the second bidirectional diannd 626 for the second STU port 
624. The microcontroll^ 600 has a fourth SCC port 634 vMdt is connected to a dnver drcuit 
636 to provide a Udirectional ethemet port 638 which can be connected to an ethemet port of 
a customer's conqputer for recdpt and transmission of TCP/IP traffic. An ISDN port 640 is 
siqTported by the ISDN board 608 to provide ISDN Ba^c Rate Access. A second bidirectional 

30 port of the transcdver 606 is connected to the ISDN board 608 by a line 642 for ISDN traffic. 
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The ISDN board 608 in the ADSL customer unit 210 can be replaced by an auxiliary 
POTS inter&ce unit in order to provide an additional one or two POTS drcuits at 1 x 64 kbit/s 
or 2 X 64 kbit/s operating over an ADSL bidirectional diannd on a line 8. In order to support 
this function, an auxiliafy POTS concentrator unit is inchided in the access subrack 252. The 
5 concentrator unit is connected to the IGU 256 of the access subrack 252 in order to concentrate 
tilemuh^deP6TS 64 kbit/s dn:uits, carried on the bidirectional channels connected to the IGU 
256, into a 2 Mbit/s channel for connection to the PSTN using the ETSI V5.2 protocol. 

ADSL channels current^ have a maximum travd distance n^ch may be anywhere 
1 0 between 2.7 to 3.6 km. Wlulst 80 or 90% of the population in an urban area may be within 2 or 
3 km of a local exchange whidi holds a distribution switch 14 or 202, in order to reach 
custcmiers outside of the distance limitation a fibre to the curb (FTTC) distribution system 400, 
as ^wn in Hgure 29, is required. The system 400 inchides an FTTC distribution switch 401 
which is the same as the distribution switch 202, except that it has at least one FTTC access 
1 5 sukack 452 vMdi can be connected by optical fibre Unks 456 to up to ten respective curb units 
410 which may be located near customers, i.e. within 2 km of customa^s premises. The cuib 
units 454 connect to customer units 210 over copper pairs 8. The FTTC access subrack 452 
includes a CDU 74 and a modified form of tiieCAU 120. The curb units 454 inchide up to eight 
ADSL EUs 254 and therefore each support up to 16 customer umts 210. 

20 

An FTTC access subrack 452, as shown in Figure 30, inchides an IGU 256, a CDU 74 
and 10 remote channel access units (CAU-Rs) 420 connected to respective curb units 454 by 
respective optical fibre pairs 456. The CDU 74 is OHmected to the dual distri^ 
66 and transfers video signals on the biises 64 and 66 to the CAU-Rs 420 via an internal 34 bit 

25 subrack bus 458. The IGU 256 is connected to the hub 68 and to each of the CAU-Rs 420 for 
the transnns^on of STU and OAM&P data on the bi<firectional control channels 362, 364 and 
368 ofthe IGU 256. The IGU 256 is also connected to the CDU 74 by the SPIbus 76. IntOTiet 
(TCP/IP) traflfic and ISDN traffic is nmted direcdy 6om the transmission network 4 to the CAU- 
Rs 420 via respective 1 0 Nib/s Ethemrt lines 464 for the Internet traffic and 2 Mb/s lines 464 for 

30 tiie ISDN traflfic. 
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The CAU-R 420, as shown in Hgure 31, includes the components of the CAU 120 to 
demultiplex video data on the internal bus 458 and passes it to the timeslot asagnors 132 of 16 
ADSL channel umts 128. The timedot video channels selected by a unit 1 28 are multiplexed onto 
a download ADSL diannd by an optical multiplexer 422 for transmission on an optical link. The 
5 optical multiplexer 422 receives the multiplexed ADSL channels from eadi of the imtts 128. 
Cootnd of the CAU-R 420 is provided by a Motorola 68360 nucrocontroUer 424 vMch recdves 
control ^gnals from the IGU 256 via the SPI bus 76. The microcontroller 424 has a first SCC 
port cormected to an Ethernet line 464 to receive and transmit Internet traffic. The Internet 
traffic is transmitted by the mioocontroller 424 via a second SCC port to the optical multiplexer 

10 422 on 10 Mh/is downstream liiie 426, and lecehredfiom a curb unit 454 by the second SCC port 
via an optical donultiplexer 430 on a 10 Mb/s upstream line 427. A third SCC port of the 
miCTocontroUer 424 is used to transmit STU and OAM&P control data b^ween the IGU 256 
to Ae c^ytical niultq>lexer 422 and demultiplexer 430 on 1 2 Mb/s downstream and upstream lines 
428 and 429, re^>ecthrely . The ISDN traffic on the 2 Mh/s line 462 is passed to a 2 Mb FIFO 

15 unit 431 of the optical muhqdexer 422 and demuhiplextf 430 for the dow^ 

directions, respectively. The optical multiplexer 422 multiplexes the recdved 10 Mb/s TCP/IP 
data, the 2 Mb/s ISDN data and 1.2 Mb/s control data into a TS 4 format and then nmltiplexes 
this with the multiplexed video signals from the units 128 for output to an optical transmitter. 
M^plexed data recdved by tte optical transnutter is transmitted on an optical Hnk 456 to a 

20 cmb unit 454. TCP/IP, ISDN and control data recdved by an opticdrecdvercomiect^ 

optical fink 456 is demultiplexed by the demiiltiplexer 43 0 and outputted to the respective lines 
427, 462 and 429. 

A cutb umt, or subiack, 454» as shown in Hgure 32 indudes a fibre li^ 
25 connected to an optical fibre pair 456 firom the local exchange, an IGU 256 and dght CAP 
ADSL EUs 254 which each support two customs and eadi have a tap connection to two 
copper lines 8 of the PSTN. The copper lines 8 are connected to re^>ective customer units 210. 
The FLU 470, as shown in Rgure 35, is used to multiplex and demultiplex data for the 134.8 k 
MUt/s optical link 456. The FLU 470 inchides an optical demultiplexer 480 for demultiplexing 
30 the 134.8 Mbit/s stream recdved firom a CAU-R 420 at an optical receiva* mto a ^deo data 
stream 482 fi»r tile ADSL EUs 254, a 1 0 Mbit/s stream 484 for mteni^ traffic and a 1 .2 
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data stream 486 for the STU and OAM&P control data. The 1 0 Mbit/s and control data streams 
484 and 486 are passed vk drivers 488 to the sdiared Ethernet bu^ ThelGU 
256 uses the ^hemet communications port of the second dave controUa- 344 to extract the STU 
and OAM&P control data from the shared ethemet bus 368 for the control diannels 362, 364 
5 and 368 connected to the ADSL EUs 2S4. The ADSL EUs 254 of the curb unit 454 are able to 
transmit and recdve control data on respective control channds 362, 364 and 368 of the IGU 
256, and transmit and recdve TCP/IP traffic on the diared ethemet bus 368, as described 
previously. The optical demultiplexer 480 of the FLU 470 also demultiplexes a 2 Mbit/s stream 
492 and bufte it in a FIFO unit 494 for ISDN and POTS traffic, as discussed herdnafter. The 
10 FLU 470 inchides an optical muhtplexar 482 for multiplexing on the return path a 10 Mbit/s 
ethem^ stream 496 and L2 Mbit/s control data stream 498 from the IGU 256. Aretum2Mb/s 
stream 500 is also multiplexed by the optical multiplexer 482. The muldplexed data is fed to an 
optical transcdver for transmission on the optical link 456. 

1 5 When the curb imit 454 supports ISDN services, as shown in Figure 33, ISDN BMUX 

eqinpment 502 is connected to the FLU 470 to convert between Primary Rate Access at 
on the lines 492 and 500 of the FLU 470 and Basic Rate Access provided on lines 404 to each 
ADSL unit 254 vnOx an ISDN Basic Rate Access inter&ce 407. Altonativdy, the 2 Mbit/s lines 
492 and 500 of the FLU 40 can be used to support POTS services, as shown in Kgure 34. 

20 Instead ofaDowing the POTS senaces on the 16 copper lines 8 to coritinue 

back to die local exchange on the lines 8, the lines 8 can be terminated at the curb unit 454 and 
connected to a POTS multiplexer 510. The POTS muhiplexer 510 multiplexes all of ttetrafiBc 
ontfie 16lmes8soAattrafficcanbetransnittedonthe2Mb/sdiam^492and500, a^ 
coimected to the excbai^ by the FLU 470 cm the opdcal link 456. Use of the POTS nouhiplexer 

25 510 and the curb unit 454, as shown in Hgure 34, is advantageous for new installations or 
situations vfbere the lines 8 horn the exchange to the location of the curb umt 454 are 
inadequate. 

The signalling protocol used by the distribution switdi 202 for video signal ^plications 
30 is the same as that described for the distribution switch 14 with reforace to Figures 11 to 16, 
where the VIP is the service provider 16. 
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For Internet trafBc, as des(^l>ed previously and as shown in Rgure 36, the trafiSc is 
passed directly from the network 4 to the IGUs 256 of the access subracks 252 via a signal 10 
Mbit/s Ethernet line 354, passed by the router 70 and the hub 68, for each subrack 252. The 
customers connected to a subrack 252 share the bandvridth provided by the line 354. 
5 Ahemativefy a 10 Mbh/s Ethane line 355 can be fed directly into an ADSL EU 254 to provide 
this bandwidth to two ADSL customer units 210. Other options exist which indude the use of 
a standard Ethernet hub fiH- fiirther levels of concentrati(Hi, i.e. sharing a number of subracks 252 
on one 10 Mbit/s line, on u^g the switching hubs to provide a high dedicated bandwidth for 
eadi subrack which may indude using 1 00 Mbit/s ports on the routa* 70. 

10 

Litems trafiBc is multiplexed onto a low speed upstream ADSL chaimd using addresses 
in the HDLC framing protocol. This keq>s the Internet traffic logically separate from the VDT 
control signals sharing the channel In the downstream direction, the Intern^ traffic is dthcx: 

1 . Muhiplexed onto the low speed channd as for upstream traffic when no 
15 bandwidth is available on the high speed downstream ADSL channd; or 

2. Sent u^g any bandwidth available on the high speed downstream 
chaimd. 

Customers may subsoibe to different levds of access rate. 

20 

Table 1 bdow li^ the protocol ^>ecifications used for the respective laym of the 
inter&ces between the customer's PC and the custcHner unit 2 1 0, and betweoi the router 70, hub 
68 and the distrSmtion switch 202. 

25 TABLE 1 



Layer 


Specification(s) 


Netwoik 


btenKt IP protood Verskm 4 reference RFC 
791 as amended by RFC 950, 919 and 922 
ARP:RFC826 


link 


RFC 894 (Ethernet n encq>suiati(m of IP) 


Hiysical (dectiical) 


ISO 88023 (10 basel) 
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RFC is an acronym for Request For Comment, and refers to Internet standards for 
TCP/IP networks establiAed by the Intern^ Eii^eOTng Tadc Force (IETF) . ARP is an acronym 
for Address Resolution Protocol. The distribution system is transparent for all oth^ layers not 
described in Table 1. The ADSL customer unit 210 proxies ARP on bdialf of all the demrats 
5 that supply the Internet traffic on the network 4, which requires only one Ethernet interface to 
exist at the customer premises. The Ethernet intei&ce at the customs premises can be connected 
to one computer S20, as ^own in Figure 37, or to a sub-network, such as a LAN 522, v/h^ 
more than one address is required. For the latter a router 524 with a firewall is connected to the 
Ettenet faiter&ce of the customer premises of the ADSL customer unit 210, as shown in Figure 
10 38. The ADSL EU 254 proxies ARP on behalf of all of the elements at the customer premises. 
The distribution switch 202 provides security by discarding upstream packets with source 
addresses whidi do not match an e7q>ected address (or range). This prevents IP address 
"spoofing". Only IP and Internet Control Message Protocol (ICMP) traffic is allowed to pass. 
The ADSL EU 254 also blocks aQ padc^ vA^te the destination is a broadcast address. 

15 
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CLAIMS: 



1 . A distribution system, induding: 

a channel distribution system for receiving contmt signals fix>m a tdecommunications 
5 transmission n^work; and 

an access system for acces^g the content signals received by said channel distribution 
system and multicasting said content signals to customer units on telecommunications lines. 

2. A distribution system as claimed m claim 1, wherein said access system includes 
10 modulating units for mnrfulfltin g said content signals for transmisgon on said tfelecnmiTninicqt«ons 

lines for said customer units, and a channel access unit for accessing and multicastmg said 
content signals to said modulating units. 

3. A distr3>ution system as daimed in daim 2, wherdn said diannd di^ribution system 
15 indudes a data bus connected to said access system on which said cfaannd distribution syston 

places said contrat dgnals for selective access by said diannel access unit 

4. A distribution system as daimed in daim 3, including a plurality of said access system 
connected to said data bus. 

20 

5. A distribution system as daimed m daim 3 or 4, inchiding a distribution switdi 
conqniang said diannd distributicm system and said access systent 

6. A distribution system as daimed in daim 5, induding a local tdecommunications 
25 exchange havmg said distribution switch. 

7. A distribution system as daimed in daim 2, ndi^dn said modulating units establish a 
Indirectional data channd and a downstream content diannd with said customer units. 



30 8. A distribution system as dainted in daun 7, \^erdn said ro^ 

sendee diam^ and said cfaannd access unit is adapted to switch the s^ce channels provided 
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to said modulating units in response to switch control signals received on said bidirectional data 
channd. 

9. A distribution system as claimed in daim 8, wherein service provider equipment 
5 broadcasts said content signals to a plurality of said channel distribution system. 

10. A distribution system as claimed in claim 9» wherein said cont^ signals are Pay TV, 
PP V or free-to-air TV signals. 

10 11. A distribution system as claimed in daim 7, wherdn said cbannddistributi 

said access system are adapted to establish said bidirectional data channd and said downstream 
content channd between service provider equipment and at least one of said customer units. 

12. A distribution system as claimed in daim 1 1, v^oein said content agnals are VOD 
IS ^gnals. 

13. A distribution system as claimed in daim 7, wherein said access system is adapted to 
receive and transnit TCP/IP network signals on said bidirectional data channeL 

20 14. A distribution system as daimed in daim 13, \)(4ieretn said access system is adapts 
transmit TCP/IP n^woric agnals on said downstream content channd. 

15. A distribution system as daimed in daims 10, 12 or 14, wfaerdn said modulating units 
and said customer units are ADSL units. 

2S 

16. A distribution systCTi as daimed in daim 3 or 4, induding: 

a local tdeconmmmcations exchange having said channd distribution system and said 
channd access unit; and 

a curb unit induding said modulating units, said curb unit bdng connected to said 
30 exchange by an optical tdecommunications link. 
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17. A distribution system as claimed in claim IS, \^erein said channel distribution system 
includes: 

adiannd int»:&ce unit for recdving said content dgnals on service channds from said 
tdecommumcations trananission network and for time division multiplextng the service channels 
S into time division nmldplexed data words; and 

a channel distribution unit for placing said data words on a bus coimected to said access 

system. 

18. A distribution system as claimed m daim 17, indiadn said diannd distribution system 
10 indudes means for recdw^sdd content signals cm PDH, SDH, ATM o 

muhiplexing said content agnals into said data words for output to said channd distribution unit. 

19. A distribution system as claimed in daim 17, lA^ierein said diaimd access unit indudes 
agate arrqr fin* receiviiig said data words and for sdecttiig time slots in said data words for said 

15 modi ilating mats, a selected one of said time Aats corte^XMKiing to a sdected one of said sorvice 
channels, the sdected sendee channd thereby being transmitted on said downstream content 
diannd for one of said customo^iuiits. 

20. A distribution system as daimed in daim 19, vfbsitin said access system indudes a 
20 contrd unit comtected to said Indirectional data diannd for controlling said channd access unit 

in re^nse to control signals received on said bidirectional data cfaanneL 

21. A distribution system as daimed in daim 20, vrfierein said control unit is adapted to 
establish sdd bidirectional data diannd between service provider equipment connected to said 

25 trananisaon network and said customer units. 

22. A distribution system as claimed in daim 21, ip^ierdn said modulating units indude: 
at least one ADSL transceiver for establishing said bidirectional data diannd and said 

downstream contoit channd on said tdecommunications lines; and 
30 a communications controller ad^ed to connect said sdected service channd to said 

downstream cont^ diannd, and coimect said bidirectional data diannd to said control unit. 
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23. A distribution system as claimed m claim 22, v^eretn said communications controller is 
adapted to selectively connect a TCP/IP network channel to said bidirectional data channel or 
said downstream content channel. 

S 24. A distribution system as claimed in claim 22, wherein said ADSL imits include ISDN 
units and said communication controller is adapted to connect an ISDN communications cbannd 
to said bidirectional data channd. 

25 . A distribution system as claimed in daim 22» \i4)erein said customer units and said access 
10 system include auxiliaiy POTS inter&ce units and said communication controller is adapted to 

cormect at least one POTS communications channel to said bidirectional data channel. 

26. A distribution system as claimed in daim 16, wherein said curb unit indudes a POTS 
multiplexer coupled to said optical link for handling all POTS sgnals between said customs 

IS units and said ecdiaxige. 

27. A distribution system, induding: 

content signal provider equipment having first tdecommunications means for providirig 
content signals to at least one local exchange of a tdecommunications networic; and 
20 adistribution swttdi of said at least one local exchange; said distribution switch having 

means for recdving said content ^gnals, a plurality of exchange units for transmitting content 
signals to a phirality of re^ective customer units, and being adsqpted to multicast the received 
content signals to said plurality of exchange units for transmission to said customer units. 

25 28. A distribution system as claimed in daim 27, i?dierein said content ^gnals are Pay TV, 
PPV or firee-to-air TV agnals 

29. A (fistribution system as claimed in daim 28, wherdn said content agnals are broadcast 
to said local exdiange equipment. 

30 

30. A distribution system as daimed in daim 29, said exchange imits and said oistomer units 
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are ADSL units. 

31. A distribution switch for a tdecommunications exchange, inchiding: 
means for recdving contrat signals; 

5 means for multicasting said content signals; and 

a plurality of exchange units for transmitting the multicast content signals to a phirality 
of respective customer units. 

32. A distribution switch, inchiding: 

10 a phirality of exchange units for communicating with respective customer units and for 

soiding contmt signals to said customs imits; 

means for estaWishh^g a tdecommunications diannel with acontent dgnal provider, and 
means for multicasting content ^gnals prodded by said content signal provide on said 
telecomnmnications diannd to said exdiange units. 

15 

33. AdistrBTution switdi as claimed in daim 32, adapted to establish a tdecommunications 
diannd with said customer units to provide applications cyclically broadcast by said content 
signal provider to said customer units. 

20 34. An asynmietric distribution switdi for a tdecomnumicationsexcfaai^ii^^ 

a plurality of exchange units for receiving low bit rate data from respective customer 
units and for sending bit rate data to said customer units; 

means for estaMshii^ a Ug^ bit rate tdecommumcations channd 
data provider and at least one of said exdiax^ units; and 
25 means for establishing a low bit rate tdecommunications channd betwe« said at least 

one of said exdiange units and said hi^ bit rate data provider. 

35. A distribution switdi as claimed in daim 34, wherein said exdiange units are adapted to 
send low bit rate data to said respective customer units and said low bit rate tdecommunications 
30 diannel is bidirectional. 
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36. A distribution switch as daimed in claim 35, adapted to multicast data recdved on said 
hig^ bit rate tdecommunications cbannd from said high bit rate data provide to said customer 
units. 

S 37. A distribution switch, including: 

a {Airality of exdiange units for communicating with respective customs units and for 
sendmg content ^gnals to said customer units; 

means for establishing a tdecommunications diannd with a content ^gnal provider to 
recdve applications cyclically broadcast by said video ^gnal provider, and 
10 means for establishing a telecommunications diannd with at least one of said customer 

units to provide said applications th^^ when requested. 

38. A distribution switch as claimed in any one of claims 31 to 37, \^eretn said exdiai^ 
units and said customer units are adapted to receive and transmit TCP/IP networic, ISDN data 

15 and/or a plurality of POTS drauts ^gnals therebetween. 

39. A dstribution switch as daimed in any one of daim 38, x^dierdn said exdiange units and 
customer units are ADSL units. 

20 40. A distribution system, inchiding: 

means for estal^slung a tdecommunications cfaannd with a content signal provider, and 
a plurafi^ of excfaaxige units for communicating with a respective plurality of curb units 
over optical finks, said curb units communicating wth respective customer units; 

said exdiange units mducfing means for multicasting content agnals prodded by said 

25 content agnal provider on said tdecommunications diannd to said curb umts. 

41. A distribution system as daimed in daim 40, wherein said curb units and customer umts 
are ADSL umts. 

30 42. A distribution system, induding: 

aphirafity of exchange umts for receiving low bit rate data fiom req[>ective remote units 
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and for srading high bit rate data to said ranote units; 

means for establishing a high bit rate tdeconununications channd between a high bit rate 
data provider and at least one of said exchange units; and 

means for ^tablishing a low bit rate tdeconununications channd between at least one 
S of said exdiange units and said high bit rate data provider. 

43 . A distribution system as daimed in daim 42, \)^»^ said exchange units are adapted to 
send low Int rate data to said respective remote units, and said low bit rate tdecommunications 
diannd is bidirectional. 

10 

44. Adistribudon system as claimed in daim 43, adapted to multicast data recdved on said 
hig^ Ut rate tdecommunications channel from said Ugh bit rate data provider to said custom^- 
units. 

IS 45. A distributic»i system as dfflmed in daim 44, wh^dnsddrenoote units 

said exchange units uang optical links and said remote units communicate with respective 
customerumts to estabfish alow bit rate tdecommumcations channd therebetwem and to send 
said Ugh bit rate data to said customer units. 

20 46. A distribution ^stem as claimed in daim 45, \i«^!erein said remote units and customer 
units are ADSL units. 
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AMENDED CLAIMS 

Lreceived by the International Bureau on 10 February 1997 (10 02 97)- 
original claim 3 cancelled; original claims 1, 4, 15-17. 19* 23 
' J ' *2 and 45 amended; new claims * 
47-55 added; remaining claims unchanged (9 pages)] 

1. (Amended^ A distribution system tnrliiff^n g' 

a channel distribution system for receiving content signals from a tdecomnumications 
5 transmission netwoik and pladiig said content signals on a data path; and 

an access system connected to said data path and for selectively accessing the content 
signals on said data path and multicasting said content signals to customer units on 
tetecommunicatiQns lines. 

10 2. A distribution system as claimed in daim 1. wherdn said access system includes 
modulating units for modulating sad content signals fortransmissfon on said telecommunications 
Bnes for said customer unhs, and a channel access unit for accessing and muMcasting said 
content signals to said tnnrfiiifffy^g units. 

IS 3. (Deleted) 

4. (Amended) A distribution system as daimed in claim 2, including a plurality of said 
access system connected to said data path 

20 5. A distribution system as daimed in daim 4, mduding a dis^^ 
said duumei distribution systm and said access ^stem. 

6. A distributicm system as dahned in daim 5, induing a local tdecommumcatians 
exdiange having said distribution switch. 

25 

7. A distribution system as claimed in daim 2, whodn said modulating units establi^ a 
bidirectional data cbannd and a downstream content channd with said customer units. 

8. AdstributiOTsystamasdainiedinclann?, who^ signals are provided on 
30 s^ce channels and said diamiel access unh is ad^ted to switdi the ser^ 

to said modulating units in response to switdi control dgnals received on said bidirectional data 
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diannd. 

9. A distribution system as claimed in claim 8. wherein sendee provider equipnient 
broadcasts said content signals to a plurality of said channel distribution sysbaa. 

5 

10. A distribution system as daimed in claim 9, wherein said content signaU 
PPV OT fiee-to-air TV signals. 

11. A distribution sqBtem as daimed in daim 7, wherein sa^ 

10 said access system are adapted to establish said bidinsctional data channd and said dow^ 
content channd between service provider equipment and at least one of said cus^^ 

12. A distribution system as daimed in claim 11. wherein said content signals are VOD 
agnals. 

15 

13. A distribution q«tem as daimed in claim 7, wherein sad access system is adapted 
receive and tnmsmit TCa»/IP network signds on said bidirectiond data di^^ 

14. A &tributiong«tcm as clamed bcbim 13, wteeb said access system is adai«e^ 
20 transmit TCP/IP netwoik signals on said downstream COTtentdiannd. 

15. (Aniended>Acfistrihutkm:9rsJemasdainiedincIdm8 10, 12, 13, 14or 1^^ 
modulating units and said customer units are ADSL units. 



16. (Amended) A (fistiibution system as clainiedmdafan 4, mduifing: 

a local tdeoommumcatioiK exchmigB having said dumid distribution system and said 
channel access unit; and 

a curb unit mdodmg sdd modulatiqg units^ said curb unit bdng connected to said 
excbsDgB by an op6cal tdecommunications fink. 

17. (Amended) A di^iibution system as daimed m daim IS, wfaerdn said channd 
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distribution system includes: 

a chaimd interface unit for recriving said content signals on s«vice channels from said 
tdecommunicatbns transmissicMi network and for time division muhiplwdng the service channels 
mto time divi^on multiplexed data words; and 

5 a dtannd distiibution unit for pladx^ said data words on said data path connected to said 

access system. 

18. A distribution systan as claimed in claim 17, i?*erdn said channel distribution system 
indudes means for recdvipg said content signals on PDH, SDH. ATM or DVB data streams and 

10 multqrfcwpg sad contrats^aals into smdd^ 

19. (Aniended) Acfi^ribution systcmasdaimedittdai^ 17, wherein said channel access unit 
indudes a sdection unit for recdvii^ said data words and for sdectii^g time slots in said data 
wcHds for said modulatti^ units, a sdected one of said time 

IS of said service chann ds, the selected service diannd thereby hdng transmitted on said 
do wn^ream content channd for one of said customer units, 

20. A distribution as claimed in daim 19, wherein said acoe^ system indudes a 
control udt ccnmected to said iHdirectbnal dala cfaasnd fi»^ 

20 in tei^KHise to control signals lecdvedoQ said bidirectiond data cham^ 

21. A distribution system as daimed in daim 20, wherein said control unit is ad^vted to 
estabfish sakl Udirectional data cfaannd between service provider equ^Hnent connected to sdd 
trananis^on n^woric and said customs units. 

25 

22. A(fistribution system as dahned indaim 21, wh^^ said modulatix^ units include: 
at least one ADSL transceiver for establistung said bidirectional data dtannd and sfdd 

downstream content diannd on saidtdecomnninicaticms lines; and 

a communications contndler adq^ted to connect said sdected service channd to said 
30 downstream coment channd, and connect said bidirecti(md data channd to said contrdm^ 
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23. (Amended) A distribution system a$ daimed in daim 22, wherein said communications 
controller is adapted to selectively connect a TCP/IP netwoik channel to said bidirectional data 
channd and/or said downstream content <ii*ftTiqg| 

5 24. A distribution system as daimed in daim 22, v^cmn said ADSL ^ 
units and said communicaticm CQntroDer is adapted to connect an ISDN communications diannd 
to said bidirectional data dmnneL 

25. AdistiawtiQnsystemasdinmedindaim22^wh^^ 
10 system inchideauxiliaiy POTS intecfeceimits and sai^ 

connect at least one POTS communications channel to said bidirectional data channel. 

26. A distribution system as damned in daim 16, vtdierein said cmb unit includes a POTS 
multiplexer coupled to said optical link for handling all POTS signals between said customer 

IS units and said exdiapge. 

27. (AmendecQ A distribution system, induding: 
conient s^nal iHovider equ^micrt having to 

content aynab to at least one local excfaai^ of a t^ecwwniTnicatiops netwoii; and 
2^ & <fistributionswitdiofsaid at least one local excfaai^e, ^ 

means fiw^ reoeivn« and placing sad oontem signab ^ 

&r tnmsmittiqg oontcGt ^pals to a ptura&Qr of respective customer umts^ and b&x^ adqrted to 
sdecttvdy access and multicast the received content signab on said data path to said phirality 
of exchange units for transmission to said customer units. 

25 

2S. A distribution systm as daimed in daim 27« w^ierdn said content signals are Pi^ TV, 
rov or firee-to-ar TV agnals. 

29. A distribution system as daimed in claan28»wherdn said content signals are broadcast 
30 to said local yyrhange equ^)menl 
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30. (Amended) Aistribwtion systemasdaiined fa clami29, wherein said exchange units and 
said customo- units are ADSL units. 

3 1 . (Amended) A distribution switch for a tdecommumcattons exchange, including: 
S means for receiving and placii^ said content agnals on a data path; 

means for sdectivdy accessing and nmkicasting said content signals on said data paA; 

and 

a plurality of exchange units for transmitti]% the multicast content signals to a plurality 
of rejq>ective customs units. 

10 

32. (AmendecQ A distribution switch, mduding: 

aphuality of exchange units for comnmnicating with req>ective custcmier units and for 
sending content sgnals to said customer units; 

means fox estaUislui^ a telecommunications diannel with a content signal provider, 
IS means for pladi^ content sgnals provided by said content signal provider on said 

telecommunications channel on a data path; and 

means for selectively BCf?C3SinB and multicasting content signals on said data path to said 
exchange units. 

20 33. AdistdwitiM switch as dahned in daim 32^ adapted to estabHdi a tdecrrnirrnTPfcations 
chaond with said customs: units to provide ^plications cydicaDy broadcast by said ccmient 
signal provider to said customer umts. 

34. ( Amend ed) An asynmietric distrftudon switdi for a tetecommunicattons exchange, 
25 inchidTng- 

a plurality of exchaiige units for receiving low bit rate data from respecdve customer 
units and for sending high l»t rate data to said customer units; 

means for cstaMishii^g a hi^tet rate tdecomnmmicati^ rate 
data provider aikt at least one <^ said exdmnge umts; and 
3 0 means for establishing a low bit rate tdecommumcations channd between said at least 

<me of said exdiange units and said Ugh Ut rate data provide. 
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said switdi being adapted to selectively acc«ss data received on said high bit rate 
tdecommunicalions chamiei from said high bit rate data provider for said exchange units. 

35. Adi8tributiooswitchasdahnedindaim34.whcreinsai^ 

5 «ndkwbhi«edatato8aidre^ectivec«ston«unitaa«lsaidl^^ 
channel is bidirectiona]. 

36. Adistribution switch as claimed m claim 35, adapted to multicast data received on said 
high hit rate tdecommunicatioas channel from said high bit rate data provider to said customer 

10 units. 

37. (Amended) A distribution switch, including: 

aphiia% of exchange units for communicating with respective custon^ 
sending content agnals to sidd custtmer units; 

15 means for establishing a tdeco nmnmic ationschannd with a content agnal 

receive appBcations cycficaDy broadcast by said contem signd provider; and 

means for establisMi^ a telecommumcations channel with at least one of said curt 
units to pnmde said ^jplicaticns ihevtto when requested. 

20 38. (Amended) A distribution switch as claimed in any one of dah^ 
exchange units and said customer uiats are adapted to receive 
ISDN data and/or a phiraHQr of inns circuits signals therebetween. 

39. A distribution switch as cUimed in aigr one of clann 38, wherem«^ 
25 customer unhs are ADSL umts. 

40. (Amended) A distribution ^em, hichiding: 

meam for estabHshn^ a tdeconmwnications channel with 8 content signal provider, 
means for pbdng content signals provided by said content signal provider on said 
30 teteco mnnmicatio nschanndCTiadatapafli; 

a plurafity of ewhai^ units for comnnmicating with a respective phiiB% of c^ 
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over optical Bnks, said curb unhs conmuinicating whh respective customer units; and 

said exchange unhs indudipg means for sdectively accessing and multicasting content 
^gnals on said data path to said curb units. 

5 41. Adistributioniystemasclaimedincl^ 
are ADSL units. 

42. (A men ded ) A distribution system, induding: 

a plurality of exchange umts for recetvipg low bit rate data from respective remote units 
10 and ibr sending high bit rate data to said reanote units; 

means Sac esta h Hsh mg a hig^ bit rate tdecommunications channel betwem a hi^ bit rate 
data provide and at least one of said exdiange units; and 

means for establishii^ a low Wt rate tdeconmiumcatioTO 
of said exchange units and said bit rate data provider, 
15 said system bdog adapted to sdectively access data recaved on said hi^ Mt rate 

tdecommunicaticms channel from said high bit rate data pro wder for said exdmnge units. 

43. A distribution systan as daimed in daim 42, 

send low bit rate data to said lespecth^ remote units, and ^ 
20 diannd is bidirectional. 

44. Adisti3>utioiisystemasclain^indaim43,adq)t^ 
*^8b lA rate tetecMtmmmcations chann^ 

units 

25 

45. (Amended) A (Estribution fly^em as dsdniedi^ or 44, whereon said ranote umts 
are cofioected to said exdiange units uangopttcdlh^ remote units communicate with 
reqjective custonierimits to establish a bw Wt rate tcleconunu^ 

and to send ^Ingh bit rate data to said customer units. 

30 

46. A distribution system as claimed in daim 45, wherdn said remote units and customer 
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units are ADSL uluts. 

47. (New)Adistributioo$ystmasclmm«^ 
agnals are Intemet signals. 

5 

48. <New)Adistributicmsj«emasdaii^ 

to receive and transmit data service signab on said bidirectional data diannel. 

49. (New) A distribution system as daimed in claim 48, wherein said access system is 
10 «Med to receive and transmit data service sign^ on said downstr^ 

50. (New) A distribution system as claimed in claim 23. wherein said TCP/IP network 
channel is an Internet service ciiannd. 

15 51. (New) A distribution system as daitiied in daim 22, wherein said ctmmmnications 
controller is adapted to selectively connect a data service chamiel to said bicSrectioiuil data 
channel and/or said downstream content channd. 

52. (New) A fclrihution switch as claimed in any (meofetoims 27 and 31^ 
20 omtent signab are Pay TV, PPV.ftefrto^iir TV. V<M) or Internet signals. 

53. (New) A distnTwtion system as chimed in any one of claims 16 a^ 
said content signals aie Pay TV. PPV, free-to-air TV. VOD or Internet signals. 

25 54. (New) A distribution 98tem.includiQg: 

a chamid (fistribution system to reoehring coBtert signab from a tetec^ 
transmosaon network and idadqg said contem ognab on a data path; and 

an access system connected to said data path and fi>r sdectiveiy accessing the contert 

signab on said data path and transmittmg the selected comem signab to customer 
30 tdecommunirations lines. 
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55. (New) A distributicmsq^tem as claimed m 

modulating units fer modulating tiw content signals for transmission on said tdeconununications 
Knesfor said wstonwunit^ and a channel access unit for accessing said content signals for the 
modulating units. 
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